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2. Descriptive report 
 
2.1 Project object 
 
The object of the project is building a lab pneumatic model; this pneumatic model 
simulates an industrial process. For building it, is necessary to study the different fields: 
 
1. Instrumentation 
2. Architecture of ControlLogic PLC 
3. Design a Hardware interface between the pneumatic model and the PLC 
4. Create a Software for PLC 
5. Create a SCADA application for PC. 
 
 
2.2 Project reach 
 
The lab pneumatic model was built in the laboratory and it only can be use for studying 
his behaviour in the laboratory. In any case it can be use for other applications. 
 
For using the lab pneumatic model the user can use the PC for control the process state 
and use the pressure pump and the RTD for change the process conditions.    
 
 
2.3 Background 
 
 In the laboratory are built different models using Allen Bradley PLCs. The model is 
built using the same components used in other models. It reduces the price of the model and 
standardizes the laboratory devices. If the model is not used, in the laboratory is possible to 
disassemble it and use the elements for other applications. 
 
2.4 Normative and references 
 
2.4.1 Applied normative 
 
Wire diameter and safety elements 
Spanish normative low tension (REBT) –RD (842/2002) 
 
Report sections and organization. 
UNE 15701010 
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2.4.2 Bibliography 
 
Manual RSLogix5000  Ref. 1755-RM002A-EN-P  
Author: Allen Bradley 
 
Manual RSLinx Classic 
Author: Allen Bradley 
 
Manual Factory Talk Ref. BATCH-UM010A-EN-P 
Author: Allen Bradley 
 
Telemecanique general catalogue 
Author: Schneider Electric 
 
More information about the devices: 
 
www.ab.com Allen Bradley devices 
www.endress.com Endress+Hausser devices 
www.bke.cz BKE Power supply 
www.schneider-electric.com Buttons and selectors 
 
2.5 Definitions and Abbreviations  
  
In the report will be used different abbreviations of elements. The meaning of these 
abbreviations is the following: 
 
PLC: Programmable logic controller 
SCADA: Supervisory Control And Data Acquisition  
AC: Alternate current 
DC: Direct current 
PT-100: Electronic thermometer  
HH: High High ( Very High) 
H: High 
LL: Low Low (Very Low) 
L: Low 
RTD: Thermo resistance 
HART: Highway Addressable Remote Transducer  
REBT: Spanish regulation low tension 
CPU: Control process unit 
 
 
 
  Descriptive report 
 
 9 
2.6 General description 
 
2.6.1 General description of the model 
 
The lab pneumatic model is built and used in the laboratory. The model is built in a panel 
and all the elements are screwed in the panel. Is possible to separate the elements depends on 
his function in the model: 
 
1. Safety components 
2. Power supplies 
3. Instrumentation 
4. PLC modules 
5. Computer 
6. Panel mechanical elements 
7. Buttons 
 
All of these elements are connected together by wires. The characteristics and the 
connection of the wires will be specified in the maps.  
 
 
 
Figure 1. Lab pneumatic model  
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For using the panel, the user has to plug the panel and the PC; and switch on the main 
breaker and the maghnetotermic breaker. The Ethernet wire must be plugged between the PLC 
and the PC. When those elements are plugged, the user can start to use the lab pneumatic 
model. 
 
 
2.6.2 General description of the process 
 
For using the lab pneumatic model is necessary to simulate a real process in the 
industry. The user can simulate the process changing the temperature and the press conditions. 
The pressure can be changed by the manual pump that is connected to the pressure transmitter. 
The temperature can be changed by heating or cooling the PTC.   
 
2.6.2.1 Specifications of the process 
  
The normal conditions for doing the process properly are the following: 
 
 
Pressure  0,2 …0,8 bar 
Temperature  10 … 40ºC 
 
If the conditions are in the normal range, the process is running properly. If any of 
those variables are out of the range, an alarm is created. 
 
2.6.2.2 Alarms 
 
When a variable (Temperature or Pressure) is out of the range, an alarm is created. 
Exist different kinds of alarm depending the variable value. 
 
Temperature alarms 
HH T > 50ºC 
H 40ºC < T > 50ºC 
L 0ºC < T > 10ºC 
LL T < 0ºC 
Table 1. Temperature alarms 
 
Pressure alarms 
HH P > 0,9 bar 
H 0,8 bar < P > 0,9 bar 
L 0,1 bar < P > 0,2 bar 
LL P < 0,1 bar 
Table 2. Pressure alarms 
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Can be created the other kind of alarms when the PLC detects a wire cut or the 
emergency button is pushed. 
 
The process can continue with alarms but with conditions: 
 
 
For clear an Alarm is necessary to restore the normal conditions and push the Reset 
Button. (It is possible do it by the Panelwiew or Button box). If the conditions are OK but the 
Reset Button is not pushed, the alarm keeps going. 
 
The process extended conditions are explained in the section Logic Implemented. 
 
 
HH 
LL 
 
Process will stop in 30 seg 
(Warning 1) 
HH & HH 
 
Process stops inmediatly 
LL & LL 
HH & LL 
L 
H 
 
Process is running OK 
H & H 
L & L 
H & L 
 
Process will stop in 1 min 
(Warning 2) 
Wire Cut 
Emergency 
Button 
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2.6.2.3 SCADA  
 
  The user can use the Button Box or the computer with the SCADA program. The 
button box simulates the field remote control and the computer the control station. In the 
button box are 2 push buttons (reset and emergency) and 1 selector (start).   
 
 The SCADA menu has 3 buttons: 
 
- Start: Selecting it the process starts if the starting conditions are OK 
- Reset: When an alarm is active is necessary to push the button for reset the alarm 
- Shutdown: Stops the SCADA application and exit to Windows SO 
 
 
 
 
Figure 2. Process stop 
 
 If the Start selector of the button box is switched on, the process can not be started 
using the SCADA application. In this situation a message is showed on the screen. (Figure 3) 
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Figure 3. Process started with remote Start selector 
 
 When the process is starting (30 seconds) appears a timer with the time of remaining. If 
the process is started by the SCADA application is possible to stop the process by STOP 
button (Figure 4) 
 
 
 
Figure 4. Process starting from SCADA application 
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 The real pressure and temperature values are showed always with gauges and with the 
numerical value. If the process is running without alarms, the indicator shows “Process 
running OK” and the measured values. (Figure 5) 
 
 
 
Figure 5. Process running OK 
 
 If exist an abnormal value and it creates a warning, the timer shows the remaining time 
for clear the warning. If the warning is cleared, the process returns to the normal state but if it 
is not cleared, the process has an alarm and stops. When an abnormal situation happens, the 
recommended action is showed.   
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Figure 6. Warning active 
 
 If exist an alarm, the process stops and the cause of the alarm is showed on the screen. 
In the recommended action shows the solution for restore de normal state. (figure 7 and 8) 
 
 
 
Figure 7. Alarm state caused for LL pressure and H temperature 
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Figure 8. Alarm state caused for temperature broken wire 
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2.6.3 Safety components 
 
The main safety component in the model is the circuit breaker Allen Bradley 1492-
SP1B160-N. His mission is protecting the circuit of overload and short circuits.  
The element is Type B (Resistive or slightly inductive loads) and the maximum current is 
16A. 
 
 
 
Figure 9. Allen Bradley 1492-SP1B160-N 
 
 
Characteristics Allen Bradley 1492-SP1B160-N 
  
Specifications Allen Bradley 1492-SP1B160-N. 
Tripping characteristic 3…5 In 
Maximum voltage ratings 415V AC 
Dielectric Strength  1960V AC 
Shock  25 G Half Sine Wave for 11ms 
Operating Temperature Range -5 … +40 ºC 
Shipment and Short Term Temperature Limits –40…+85°C 
Housing Material Nylon 
Wire Size 1.0…25 mm2 
Electromechanical Life 6000 operations (1 operation = 2 
switching events) ON/OFF 
Switched Neutral Rating 277V AC 
Vibration Frequency Range: 10…2000 Hz 
 
Table 3. Specifications Allen Bradley 1492-SP1B160-N 
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2.6.4 Power supplies 
 
In the lab pneumatic model are used 3 power supplies BKE JS-6-240/DIN (figure 10)  
They are used for the following applications: 
 
Power supply 1: Closed loop pressure 
Power supply 2: Closed loop temperature 
Power supply 3: Digital inputs 
 
 
 
Figure 10. Power supply BKE JS-6-240/DIN 
 
Characteristics BKE JS-6-240/DIN  
 
Specifications BKE JS-6-240/DIN 
Input voltage 180-260 V 
Input frequency 47-63 Hz 
Input current 0,1/230 VAC 
Inrush current 30 A/230 VAC 
Output voltage 24V DC 
Minimum output current 0 A 
Maximum output current 0,3 A 
Voltage tolerance +/- 3% 
Ripple (p-p) 50 mV 
Protection fuse 1A/250 V 
Output efficiency  65-75% 
Hold up time 30 ms/230 V 
Operating temperature 0 … +50 ºC 
Storage temperature -20 … +70 ºC 
Relative humidity operating  10 … 80 % 
Relative humidity storage 10 … 90 % 
Weight 0,14 kg 
Table 4. Specifications BKE JS-6-240/DIN 
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2.6.5 Pressure detection 
 
The element used for detecting the pressure is the pressure transmitter 
Endress+Hauser PMC71 (Figure 11).. The manual pump is connected directly to the 
transmitter using a pneumatic tube Ø8mm.  
 
 
 
 
Figure 11. Endress+Hauser PMC71 
 
The transmitter has a display where the user can see the pressure value and adjust the 
transmitter settings. 
 
 
Measuring principle 
 
The transmitter PMC71 uses a ceramic sensor for measuring the pressure. It is a dry 
sensor and the process pressure acts directly on the robust ceramic diaphragm and deflects it. 
A pressure-dependent change in capacitance is measured at the electrodes of the ceramic 
carrier and the diaphragm. The measuring range is determined by the thickness of the ceramic 
diaphragm. 
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Figure 12. Measuring diagram PMC71 
 
 
Advantages of ceramic sensors: 
 
• Guaranteed overload resistance up to 40 times the nominal pressure 
• Thanks to highly-pure 99.9% ceramic 
– Extremely high chemical resistance compared to Alloy 
– less relaxation 
– high mechanical stability 
• Second process barrier (Secondary Containment) for enhanced integrity 
• Process temperature up to 125°C  
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Characteristics Endress+Hauser PMC71 
 
Specifications Endress+Hauser PMC71 
Maximum working pressure 6,7 bar 
Smallest calibrate span 0,01 bar 
Nominal measuring range 0 … +1 bar 
Over pressure limit 10 bar 
Vacuum resistance 0 bar 
Process temperature range -25 … +125 ºC 
Ambient temperature range -40 … +85 ºC 
Reference accuracy  +/- 0,075% 
Supply voltage 10,5 … 30 V DC 
Output 4 … 20 mA HART protocol 
Vibration resistence 3 … 25 Hz: +/- 16mm 
 
Table 5. Specifications Endress+Hauser PMC71 
 
 
The panel holds the transmitter using a bracket as figure 13 
 
 
 
Figure 13. Bracket Endress+Hauser PMC71 
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Wiring 
 
  For connecting properly the device is necessary to connect the jumper (2) in “working 
position” (vertical) and connect the 4 … 20 mA loop in the indicated screws (6 and 7). The 
ground is connected in the screw number 3. 
 
 
Figure 14. Wiring Endress+Hauser PMC71 
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2.6.6 Temperature detection 
 
The process temperature is detected by the thermometer Endress+Hauser TMR35 
which is connected with a temperature field transmitter Endress+Hauser TMT162. 
 
2.6.6.1 Thermometer TMR35  
 
The RTD Endress+Hauser TMR35 uses a PT100 sensor element for measurement. It 
means that when the temperature is 0ºC the resistance is 100. The device is available with a 
Pt100 4-wire or 2-wire connection, a built-in transmitter in the device converts the Pt100 input 
signal into the 4 to 20 mA signal and can be programmed using a PC via the M12 connector  
 
 
 
Figure 15. Thermometer (RTD) Endress+Hauser TMR35 
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Wiring  
 
The Endress+Hauser TMR35 is connected with a M12 connector. The pin wiring is 
according the following diagram. 
 
 
 
Figure 16. Wiring Endress+Hauser TMR35 
 
 
Position A: With electronics 
Position B: Without electronics PT100 4 wire connection 
 
Pin number Color Function (Position A) 
1 Brown Power supply 10 … 35 V  DC/ Current output 4 … 20 
mA  
2 White Connection of PC configuration cable / shortened pin 
3 Blue Power supply 0 V DC / Current output 4 … 20 mA 
4 Black Connection of PC configuration cable / shortened pin 
 
Table 6. M12 connector wiring 
Measuring principle 
 
A basic physical property of a metal is that its electrical resistivity changes with 
temperature. All RTD's are based on this principle. The heart of the RTD is the resistance 
element. 
 
Some metals have a very predictable change of resistance for a given change of 
temperature; those are the metals that are most commonly chosen for fabricating an RTD. A 
precision resistor is made from one of these metals to a nominal ohmic value at a specified 
temperature. Endress+Hauser TMR35 is a RTD Class A, it means that the tolerance is 
according the following expression:  
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t = ±(0.15+0.0025|t|) 
 
By measuring its resistance at some unknown temperature and comparing this value to 
the resistor's nominal value, the change in resistance is determined. Because the temperature 
vs. resistance characteristics are also known, the change in temperature from the point initially 
specified can be calculated. We now have a practical temperature sensor, which in its bare 
form (the resistor) is commonly referred to as a resistance element. 
 
 
 
Figure 17. 4 wire RTD connection diagram 
 
The four wire resistance thermometer configuration even further increases the accuracy 
and reliability of the resistance being measured. In the diagram above a standard two terminal 
RTD is used with another pair of wires to form an additional loop that cancels out the lead 
resistance. The above Wheatstone bridge method uses a little more copper wire and is not a 
perfect solution. Below is a better alternative configuration four-wire Kelvin connection that 
should be used in all RTDs. It provides full cancellation of spurious effects and cable 
resistance of up to 15  can be handled. Actually in four wire measurement the resistance 
error due to lead wire resistance is zero. 
 
Characteristics Endress+Hauser TMR35 
 
Specifications Endress+Hauser TMR35 
Measuring range -50 … +200ºC 
Output signal PT-100 4 wire 
Supply voltage 10 … 35 V DC 
Response time < 3 s 
Maximum measured error Error = 0.15 + 0.002 · l T l 
Sensor current < 6 mA 
Ambient temperature limits -40 … +85ºC 
Vibration resistance 4g / 2 to 150Hz 
Table 7. Specifications Endress+Hauser TMR35 
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2.6.6.2 Temperature field transmitter TMT162 
 
The RTD Endress+Hauser TMR35 is connected with the field transmitter 
Endress+Hauser TMT162. The temperature sensor such as Thermo resistance produces low-
level signals proportional to their sensed temperature. The temperature transmitter converts the 
low-level sensor signal to the standard 4 to 20 mA DC, the signal that is relatively insensitive 
to lead length and electrical noise. This current signal is then transmitted to the PLC via two 
wires. 
 
The Endress+Hauser TMT162 has a display where the actual temperature value is 
showed.  
 
 
 
 
Figure 18. Endress+Hauser TMT162 
 
 
Characteristics Endress+Hauser TMT162 
 
Specifications Endress+Hauser TMT162 
Measuring range limits -200 … 850 ºC 
Resistance transmitter 10 … 400  
Output signal 4 … 20 mA or 20 … 4 mA 
Output Load Max. (Vpower supply- 11 V) / 0.022 A  
Linearization Temperature, resistance, voltage linear 
Min. current consumption < 3,5 mA 
Current limit  < 23 mA 
Switch on delay 4 s (during switch-on operation Ia  3.8 mA) 
Supply voltage 11 … 40 V 
Response time 1s per channel 
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Calibration temperature 23 ºC +/- 5 ºC 
Maximum measured error 0,1 ºC 
Influence of supply voltage < +/- 0,005 % 
Long term stability < 0,05% / year 
Influence of ambient temperature <0,001% of measured value 
Ambient temperature limits -40 … +70 ºC 
Altitude 2000 m 
Vibration resistance 3g / 2 to 150 Hz 
Weight 1,4 kg 
 
Table 8. Specifications Endress+Hauser TMT162 
 
Wiring 
 
The wiring of the Endress+Hauser TMT162 depends of the number of sensors 
connected with the transmitter and kind of the sensors. The following diagram shows different 
connection possibilities.  
 
 
 
Figure 19. Connection diagram Endress+Hauser TMT162 
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2.6.7 PLC modules 
 
The main element of the project is the PLC Allen Bradley ControlLogix5563. The PLC 
is divided in different modules that function is explained in the following sections.  
 
Slot Module 
0 CPU 
1 EtherNet/IP 
2 DC Input 
3 DC Output 
4 Analog Input 
5 Analog Output  
6 ControlNet 
 
Table 9. Module distribution in the chassis 
 
 
 
Figure 20. PLC used in the model 
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Chassis 
 
All the modules of the ControLogix system are connected into the chassis Allen 
Bradley 1756-A7. The chassis has 7 slots and is possible to connect any module into any slot. 
 
The backplane provides a high-speed communication path between modules. Multiple 
controller modules on the backplane can pass messages between each other. With multiple 
communication interface modules on the backplane, a message can be sent from across a link 
into a port on one module, routed across the backplane and out another module’s port, and sent 
another link to its ultimate destination. 
 
 
 
Figure 21. Chassis Allen Bradley 1756-A7 
 
 
Characteristics Allen Bradley chassis 1756-A7 
 
Specifications Allen Bradley chassis 1756-A7 
Dimensions 36,8 x 16,9 x 14,5 cm 
Minimum cabinet size 50,7 x 70 x 20,3 
Weight (without modules) 1,1 kg 
Module slots 7 
Maximum backplane current 24 V DC / 2,8 A 
Vibration 5g 10-500 Hz 
 
Table 10. Specifications Allen Bradley 1756-A7 
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Power supply  
 
 The ControlLogix system requires a power supply for providing power for all the 
modules installed in the chassis. The power supply used is Allen Bradley 1756-PA72/C and it 
is located on the left end of the ControlLogix chassis. 
 
 The power supply has a green LED status indicator that remains ON during normal 
operation. If the indicator turns OFF during operation could be one of the following problems: 
 
- Input voltage is not in the specified range 
- Loosen the screws holding the power supply to the chassis 
- Rear connector is disconnected 
- Other problems 
 
 
 
Figure 22. Power supply Allen Bradley 1756-PA72/C 
 
 
 
Characteristics Allen Bradley 1756-PA72/C 
 
Specifications Allen Bradley 1756-PA72/C 
Dimensions 14 x 11,2 x 14,5 cm 
Input voltage range 85 … 265 V AC 
Input voltage nominal 120/140 V AC 
Input frequency range 47 … 63 Hz 
Input power maximum 100VA / 100 W 
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Output power maximum 75 W 
Power dissipation 25 W 
Inrush current maximum 20 A 
Isolation voltage 250 V continuous 
Vibration 5g 10-500 Hz 
Output 24 V DC / 2,8 A 
Weight  1,12 kg 
 
Table 11. Specifications Allen Bradley 1756-PA72/C 
 
 
 
CPU 
 
The main element of the PLC is the controller (CPU), in the model the controller used 
is Allen Bradley ControlLogix5563 1756-L63 (Slot 0).  
 
 
Figure 23. Distribution Allen Bradley 5563 1756-L63 
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Characteristics Allen Bradley 5563 1756-L63 
 
Specifications Allen Bradley 5563 1756-L63 
Firmware Revision 16.20 
Memory for data and logic 8 Mb 
Memory used for I/O 478 Kb 
Non-volatile backup memory Compact Flash Card (optional) 
Battery Series A  1756-BA2 
Backplane Current 14 mA / 24 V 
Power dissipation 3,5 W 
Thermal dissipation 11,9 BTU/ h 
Weight 0,32 kg 
Temperature operating 0 … 60 ºC 
Vibration 2g 10 … 500 Hz 
 
Table 12. Specifications Allen Bradley 5563 1756-L63 
 
 
ControlLogix system 
 
The ControlLogix controller divides resources between a Logix CPU and a backplane CPU. 
 
1. The Logix CPU executes application code and messages. 
 
2. The backplane CPU communicates with I/O and sends and receives data from the 
backplane. This CPU operates independently from the Logix CPU, so it sends and 
receives I/O information asynchronous to program execution. 
 
 
 
Table 13. ControlLogix system 
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Serial Port 
 
For download the program to the controller is possible to use the serial port connection. For 
doing it is necessary to build an especial serial cable. 
 
 
Table 14. RS232 wiring 
 
Battery  
 
The Allen Bradley ControlLogix5563 1756-L63 uses a battery for supply the CPU in case of 
the power supply do not work. If the battery is about 95% discharged, the battery led is red. 
 
 
Figure 24. Battery indicador 
 
Its possible estimate the battery life depends the temperature, power cycles and the project 
size. 
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Table 15. Battery life 
 
 
Status indicators 
 
A quick way for know the controller state is look on the CPU status indicators. In the Allen 
Bradley ControlLogix5563 1756-L63 are 6 led for indicates the state. 
 
1. Run led  
2. I/O led  
3. Force led  
4. RS232 led  
5. BAT led  
6. OK led  
 
 
Figure 25. Led status indicators 
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RUN led indicator 
 
State Indicate Recommended action 
Off  The controller is in program or 
test mode 
 
Change the controller mode 
Solid green The controller is in Run mode 
 
Change the controller mode 
Table 16. Run led indicator 
 
I/O Led indicator 
 
State Indicate Recommended action 
Off  Either there are no devices in the 
I/O configuration of the controller. 
The controller does not contain a 
project (controller memory is 
empty). 
 
Add the required devices to 
the I/O configuration of the 
controller. 
Download the project to the 
controller. 
Solid green The controller is communicating 
with all the devices in its I/O 
configuration. 
 
None 
Flashing green One or more devices in the I/O 
configuration of the controller are 
not responding. 
Go online with RSLogix 5000 
programming software and 
check the I/O configuration of 
the controller. 
 
Flashing red The chassis is bad. Replace the chassis. 
 
Table 17. I/O Led indicator 
 
Force led indicator 
 
State Indicate Recommended action 
Off  · No tags contain I/O force values. 
· I/O forces are inactive (disabled) 
 
None 
Solid amber · I/O forces are active (enabled). 
· I/O force values may or may not 
exist. 
 
Use caution if you install (add) 
a force. If you install (add) a 
force, it immediately takes 
effect. 
 
Flashing amber One or more input or output 
addresses have been forced to an 
On or Off state, but the forces 
have not been enabled. 
Use caution if you enable I/O 
forces. If you enable I/O 
forces, ALL existing I/O forces 
also take effect. 
 
Table 18. Force led indicator 
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RS232 Indicator 
 
State Indicate Recommended action 
Off  There is no activity. 
 
No action is required. 
Solid green Data is being received or 
transmitted 
 
No action is required. 
Table 19. RS232 Indicator 
 
BAT Led indicator 
 
State Indicate Recommended action 
Off  The battery supports memory. 
 
None 
Solid red The battery is: 
not installed 
95% or more discharged. 
Install or replace the battery 
 
Table 20. Battery led indicator 
 
OK Led indicator 
 
State Indicate Recommended action 
Off  No power is applied. When ready, turn on power to 
the controller. 
 
Solid green The controller is OK 
 
None 
Solid red The controller detected a non-
recoverable fault, so it cleared the 
project from memory. 
 
Clear the fault. 
Flashing green The controller is storing or loading 
a project to or from 
non-volatile memory. 
If the controller has a 
CompactFlash card, leave the 
card in the controller until the 
OK LED turns solid green. 
 
If is a new 
controller 
(just out of the 
box) 
The controller 
requires a 
firmware 
update. 
Update the controller with the 
correct firmware. 
 
Flashing red 
Is if not a new 
controller 
(previously in 
operation) 
 
Major fault 
occurred. 
Clear the fault. 
Table 21. OK led indicator 
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EtherNet 
 
 The communications between the controller and the PC are over the Ethernet 
connection. For doing it is necessary to connect a module EtherNet Allen Bradley 1756-
ENBT/A in the chassis. With this module is possible to transfer control and information data 
simultaneously in a velocity 10/100 Mbps (full duplex). 
 
 
 
 
Figure 26. Ethernet module Allen Bradley 1756-ENBT/A 
 
 
The wire used in Ethernet communication is a RJ45 connector wired according the following 
illustration. 
 
 
Figure 27. RJ45 wiring 
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Characteristics Allen Bradley 1756-ENBT/A 
 
Specifications Allen Bradley 1756-ENBT/A 
Firmware Revision 1.1 
IP Address 192.168.1.180 
Connections TCP 32 
Connections CIP 64 
Packet rates (I/O) 5000 packets / seg. 
Packet rates (HMI/MSG) 960 packets / seg. 
Speed Half/full duplex 10/100 
Backplane current 3 mA / 24 V 
Maximum power dissipation 3,65 W 
Ethernet connector  RJ45 Cat. 5 
Operating Temperature  0 … 60 ºC 
Vibration 2g 10 … 500 Hz 
 
Figure 28. Specifications Allen Bradley 1756-ENBT/A 
 
Status indicators 
 
The module Allen Bradley 1756-ENBT/A (slot 1) uses an alphanumeric display that shows the 
module Ethernet/IP address. 
 
 
Figure 29. Status indicators Allen Bradley 1756-ENBT/A 
 
If the alphanumeric display and LED indicators do not sequence through the expected states 
refer to the following tables. The three bi-colour (red/green) LED status indicators on the 
1756-ENBT module provide diagnostic information about the module and its connections to 
the network 
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Network status indicator 
 
State Indicate Description 
Off  Not Powered, 
No IP Address 
Module is not powered, or 
does not have an IP address. 
Verify there is chassis power 
and the module is completely 
inserted into the chassis and 
backplane. 
Make sure the module has 
been configured. 
 
Solid green CIP Connections Module has an IP address and 
at least one established 
connection. 
 
Flashing green No Connections Module has obtained an IP 
address, but has no 
established connections. 
 
Flashing red Connection Timeout One or more of the 
connections in which the 
module is the target has 
timed out. 
 
Solid red Duplicate IP Address Module has detected that its 
IP address is already in use. 
Assign a unique IP address to 
the module. 
 
 
Table 22. Network status indicator Allen Bradley 1756-ENBT/A 
 
 
Link status indicator 
 
State Indicate Description 
Off  No data transmission Module is not ready to 
communicate. 
 
Solid green Ready Module is ready to 
communicate. 
 
Flashing green Data transmission in progress Module is communicating over 
the network. 
 
 
Table 23. Link status indicator Allen Bradley 1756-ENBT/A 
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OK status indicator 
 
State Indicate Description 
Off  No power Module does not have 24V DC 
power. 
Verify there is chassis power 
and the module is completely 
inserted into chassis and 
backplane. 
 
Solid green Operational Module is operating correctly 
 
Flashing green Standby Module is not configured 
 
Flashing red Minor fault A recoverable fault has been 
detected. 
This could be caused by an 
error in the configuration. 
 
Solid red Major fault An unrecoverable fault has 
been detected. Recycle power 
to the module. 
If this does not clear the fault, 
replace the module. 
 
Flashing red and green Self Test Module performing power-up 
self-test. 
 
 
Table 24. OK status indicator Allen Bradley 1756-ENBT/A 
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Digital inputs 
 
The module used for the digital inputs is the Allen Bradley 1756-IB16D/A (slot 2). 
With this module is possible connect 16 digital inputs in the PLC. For connecting the inputs is 
necessary to use a Removable Terminal Block (RTB) that is not included in the module 
purchase. 
 
 
Figure 30. Input module Allen Bradley 1756-IB16D/A 
 
 
Led status indication 
 
Each ControlLogix digital module has an LED indicator on the front of the module that 
allows you to check the module health and operational status of a module. The LED displays 
vary for each module. 
 
 
Figure 31. Led status indication Allen Bradley 1756-IB16D/A 
  Descriptive report 
 
 42 
The following status can be checked with the LED indicators: 
 
I/O status - This yellow display indicates the ON/OFF state of the field device. 
 
Module status - This green display indicates the module’s communication status. 
 
Fault status - This display is only found on some modules and indicates the presence 
or absence of various faults. 
 
Fuse status - This display is only found on electronically fused modules and indicates 
the state of the module’s fuse. 
 
Wiring inputs 
 
For connecting the inputs is necessary to follow the connection diagram. (figure 32) 
 
 
Figure 32. Example wiring inputs Allen Bradley 1756-IB16D/A 
 
 
There is one power source and negative terminals are common divided in 4 groups. 
The resistors are not necessary if Wire Off diagnostic is not used. 
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Characteristics Allen Bradley 1756-IB16D/A 
 
Specifications Allen Bradley 1756-IB16D/A 
Firmware Revision 3.2 
Number of inputs 16 
Backplane current 3 mA / 24 V 
Maximum power dissipation 5,8 W 
On-State voltage range 10 … 30 V DC 
Nominal input voltage 24 V DC 
On-State current 2 mA / 10 V - 13mA / 30 V 
Maximum off state voltage 5 V DC 
Minimum off state current 1,5 mA per point 
Maximum Input impedance 2,31 k 
Input delay time OFF to ON 1ms + filter time(programmable 0ms to 2ms) 
Input delay time ON to OFF 4ms + filter time(programmable 0ms to 18ms) 
Maximum inrush current 250mA 
Operating temperature 0 … 60 ºC 
RTB screw torque 0,4 Nm maximum 
 
Table 25. Specifications Allen Bradley 1756-IB16D/A 
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Digital Outputs 
 
The module used for the digital outputs is an Allen Bradley 1756-OB16D/A (Slot 3).  
The digital outputs in the project are connected to led alarm indicators.  
 
Features of the ControlLogix Digital Output modules 
 
 
 
Figure 33. Digital output module Allen Bradley 1756-OB16D/A 
 
 
For connect the outputs is necessary to use a Removable Terminal Block (RTB) the 
same as in the digital input module. The RTB used is type Cage Clamp, the terminals are 
connected by screws. 
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Figure 34. RTB type Cage Clamp (Catalog number 1756-TBCH) 
 
 
 The Allen Bradley 1756-OB16D/A is a diagnostic module; it means that the module 
sets bits when a fault has occurred. This function is not used in the project. 
 
Fusing 
 
Diagnostic digital outputs have internal electronics to prevent too much current from 
flowing through the module. This feature protects the module from electrical damage. If is 
necessary to reset one of the fuses, the controller must be connected online and reset the fuses 
by Rslogix5000 program.   
 
 
Wiring 
 
The following diagram (figure 35) shows an example for connecting the outputs in the 
module. All the terminals with the same name are connected together in the module. The 
wiring example shows a single voltage source as is used in the project. 
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Figure 35. Example wiring outputs Allen Bradley 1756-OB16D/A 
 
Characteristics Allen Bradley 1756-OB16D/A 
 
Specifications Allen Bradley 1756-OB16D/A 
Firmware Revision 3.2 
Number of outputs 16 
Backplane current 140 mA / 24 V 
Maximum power dissipation 3,3 W 
Output voltage range 19,2 … 30 V DC 
Output current rating per point 2 A max. 
Output current rating per module 8 A max. 
Minimum load current 3mA per point 
Maximum On-state voltage drop 1,2 V / 2 A 
Maximum Output delay time OFF to ON 1 ms 
Maximum Output delay time ON to OFF 5 ms 
Fusing Electronically fused per point 
Reverse polarity protection  None 
RTB maximum screw torque 0,4 Nm 
Operating Temperature 0 … 60 ºC 
 
Table 26. Specifications Allen Bradley 1756-OB16D/A 
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Analog Inputs  
 
The module used for reading the pressure and temperature analog inputs is the Allen 
Bradley 1756-IF8H (slot 4). The module converts the analog signal to a digital value (16 bit 
resolution). Is possible to scale the value read to engineering units, create alarms, create under 
range and over range detection and detect open wire. 
 
 The analog inputs are connected to the module using a Removable Terminal 
Block model Allen Bradley 1756-TBCH. 
 
 
 Highway Addressable Remote Transducer (HART)  
 
The modules Allen Bradley 1756-IF8H support the HART protocol. The HART field 
communications protocol is widely accepted in industry as a standard for digitally enhanced 
4…20 mA communication with field devices. A digital signal is superimposed onto the 4…20 
mA current loop to provide two means of communication from the device. The 4…20 mA 
analog channel lets a single process variable be communicated at the fastest possible rate 
while the digital channel provides access to multiple process variables, data quality, and 
device status information. 
 
 Using the HART protocol the module can do the following operations: 
 
- Convert to or from 4…20 mA analog signals and digital numeric values in 
engineering units used in the Logix controller 
 
- Collect dynamic process data automatically from the connected HART field 
device, such as temperature, pressure, flow, or valve position 
 
-  Bridge HART messages from CIP clients to HART field device using a 
mechanism called Pass through messages 
 
Using the HART protocol is possible to connect 2 devices, one master and one slave in 
the same loop 4 … 20 mA. That feature is used for calibrating the field transmitters and for 
receiving additional information. 
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Figure 36. Example of HART protocol (Primary master, secondary master and slave) 
 
 
 
Module resolution 
 
The resolution is the smallest amount of change that the module can detect. The Allen Bradley 
1756-IF8H resolution is 16 bits that’s mean 65536 counts. It represents approximately 0,32 
A / count. 
 
 
Figure 37. Example of module resolution 
 
Module scaling 
 
With scaling, a quantity is changed from one notation to another. For ControlLogix analog 
modules, scaling is only available with the floating point data format. 
 
When one channel is scaled, two points along the module’s operating range are chosen and 
apply low and high values to those points. Scaling lets the module configuration to return data to the 
controller so that 4 mA returns a value of 0% in engineering units and 20 mA returns a value of 100% 
in engineering units 
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Figure 38. Module resolution compared to module scaling 
 
Wiring 
 
The analog inputs in the Allen Bradley 1756-IF8H can be analog voltage inputs or 
analog current inputs (4 or 2 wires). The inputs used in the model are 4 … 20 mA in 2 wires. 
The following diagram shows an example for connecting 2 and 4 wire current inputs to the 
module.  
 
 
Figure 39. Wiring example of analog current inputs 
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Characteristics Allen Bradley 1756-IF8H 
 
Specifications Allen Bradley 1756-IF8H 
Firmware Revision 1.2 
Number of channels (inputs) 8 
Backplane current 70 mA / 24 V 
Backplane power 3,21 W 
Input range used 4 … 20 mA 
Lowest signal in range 3,42 mA 
Highest signal in range 20,58 mA 
Minimum sample time (50 Hz) 44 ms 
Effective resolution 16 bits 
Open circuit detection time 5 s 
Overvoltage protection 30 V DC (Voltage) / 8 V DC (Current) 
Calibrated accuracy  0,15 % at 25 ºC 
Impedance  250   
 
Table 27 . Specifications Allen Bradley 1756-IF8H 
 
Analog Outputs  
 
 The module used for analog outputs is Allen Bradley 1756-OF8H (slot 5). The lab 
pneumatic model does not use analog outputs but the module is ready for possible expansions.  
 
Is possible to configure in the module the Ramping/Rate Limiting that limits the speed 
at which analog output signal can change. That prevents fast transitions in the output from 
damaging devices. Ramping is also known as rate limiting. 
 
Other feature used in Allen Bradley 1756-OF6VI/A is the open wire detection. The 
module detects when current flow is not present at any channel. For using this feature, the 
module must be configured for 0 … 20 mA or 4 … 20 mA. When an open wire condition 
happens at any channel, a status bit called ChxOpenWire is set for that channel. 
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Wiring 
 
 The wiring outputs in Allen Bradley 1756-OF6VI/A are different in function if they are 
Voltage outputs or Current outputs. For the voltage outputs are used the terminals labelled 
VOUT # and RTN and for the current outputs are used IOUT # and RTN. Hart communication 
is active only with current outputs. 
 
Figure 40. Example wiring outputs Allen Bradley 1756-OF6VI/A 
 
Characteristics Allen Bradley 1756-OF6VI/A 
 
Specifications Allen Bradley 1756-OF6VI/A 
Firmware Revision 1.12 
Number of channels (outputs) 8 
Backplane current 230 mA / 24 V 
Backplane power 4,92  W 
Output range 4 … 20 mA 
Lowest signal in range 3,42 mA 
Highest signal in range 20,58 mA 
Effective resolution 16 bits 
Resolution 0,65 A / count 
Open circuit detection time Output must be set to <0,1 mA 
Overvoltage protection +/- 24 V DC 
Calibrated accuracy  0,15 % at 25 ºC 
Impedance  50 … 750   
Table 28. Specifications Allen Bradley 1756-OF6VI/A 
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ControlNet 
 
The Allen Bradley 1756-CNB ControlNet (Slot 6) is a communication bridge that 
routes messages to devices on other networks.The module also monitors and controls I/O 
modules located remotely from the ControlLogix controller. The module is not used in the Lab 
pneumatic model but is ready for possible expansions.  
 
The ControlNet network supports up to 99 nodes. Logix5000 controllers support 
multiple ControlNet networks that give flexibility to add more nodes to the ControlNet 
network. 
 
 
 
 
Figure 41. Module Allen Bradley 1756-CNB ControlNet network 
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For connecting devices in ControlNet network is necessary to use taps. Are available 
different tap kits depending the number of devices that are connected in the network. 
 
 
Figure 42. Avaliable tap Kits for ControlNet network 
 
 
In a ControlNet network, the maximum distance depends of nodes number on a 
segment; a segment is a section of trunk between 2 terminators. Is possible to use repeaters if 
is necessary to gain more distance. For determinate if is necessary to use repeaters use the 
following graphic. 
 
 
Figure 43. Graphic used for determinate repeaters utilization 
 
Its necessary use a 75  trunk terminators (1786-XT and 1797-XT) to terminate each 
segment for the ControlNet cable system. Two XT terminators are necessary per segment 
because it need one for each end of the segment. 
 
The following example (Figure 44) is a redundant media using ControlNet network. 
The redundant media is optional and is recommended for safety applications. In the example 
are connected the ControlNet module in a chassis and 2 nodes. Are used 6 taps and 4 trunk 
terminators are necessary.  
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Figure 44. Example of ControlNet network 
 
 
ControlNet communication modules use connections to manage communication. A 
connection is a point-to-point communication mechanism that transfers data between a 
transmitter and a receiver. ControlNet communication modules use connections that transfer 
data from a Logix application running on one end-node to another device, such as a Logix 
application or I/O, running on another end-node. The Allen Bradley 1756-CNB supports 64 
connections. 
 
 
Characteristics Allen Bradley 1756-CNB ControlNet 
 
Specifications Allen Bradley 1756-CNB ControlNet 
Firmware Revision 11.2 
Connectors 1 BNC and 1 NAP (RJ-45)  
Cable RG-6 Coaxial cable 
ControlNet network connection rate 5 M 
Maximum number of nodes 99 
Maximum number of connections 64 
Communication interface type Bridge 
Power dissipation 5,14 W 
Backplane Current 1,7 mA / 24 V 
Weight 0,26 kg 
Operational temperature 0 … 60 ºC 
Vibration 2 G / 10 … 500 Hz 
 
Table 29. Specifications Allen Bradley 1756-CNB ControlNet 
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2.6.8 Computer 
 
The computer used for programming the PLC, visualise and control de SCADA 
application is an Allen Bradley Versaview 750R. It is an industrial computer designed from 
small visual interface and maintenance applications to large control and information 
applications. 
 
 
 
Figure 45. Industrial computer Allen Bradley VersaView 750R 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Descriptive report 
 
 56 
Characteristics Allen Bradley Versaview 750R 
 
Specifications Allen Bradley Versaview 750R 
Operative System Microsoft Windows XP Professional SP2 
Processor Pentium 4  3GHz 
RAM memory 2 Gb DDR II 
Hard disk drive 160 Gb SATA 
Optical Media Slim CD-ROM,DVD-ROM,CD-RW  
USB ports 2 front / 4 rear 
Serial ports 2 
Ethernet ports 2 10/100/1000 Mbps 
Parallel port 1 
External VGA port 1 
Expansion Slots 3 PCI slots + 1 PCI Express slot 
Thermal solution 2 chassis fans + 1 heatsink fan 
Input voltage 90 … 254 V AC 
Line frequency 47 … 63 Hz 
Power consumption AC 1,1 A / 240 V AC 
Power dissipation AC 250 W 
 
Table 30. Specifications computer Allen Bradley Versaview 750R 
 
Monitor  
 
 The monitor used is Allen Bradley VersaView 1950M. It is designed especially for 
support hard conditions factories. This monitor can operate normally in temperatures of 45 ºC 
and vibrations of 1 G and shock of 15 G. The display size is 19 inches with a resolution 1280 
x 1024. 
 
Periphericals 
 
 For use the computer is necessary to connect a Standard mouse (PS/2 or USB 
connector) and a standard keyboard (PS/2 or USB connector). 
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2.6.9 Push buttons 
 
 In the Lab pneumatic model are 3 buttons (Start, Reset and Emergency button) situated 
in a plastic button box type Telemecanique XAL D03. The buttons are divided in 3 parts joined 
together: 
 
1. Push Button 
2. Fixing collar 
3. Contact functions 
 
 
Figure 46. Telemecanique button mounting example 
 
Elements references  
 
Characteristics Start button Reset button Emergency button 
Button type  2 position selector 
XB4 BD21 
Push button  
ZB4 BA6 
Mushroom head button 
ZB4 BT84 
Colour Black Green Red 
Fixing collar ZB5 AZ079 ZB5 AZ079 ZB5 AZ079 
Contact function ZBE 1013 (N/O) ZBE 1013 (N/O) ZBE 1013 (N/O) + ZBE 
1023 (N/C) 
 
Table 31. Elements references ( Telemecanique) 
 
 
 
Figure 47. Button box used in the model 
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2.6.10 Panel mechanical components 
 
2.6.10.1 Terminal blocks 
 
 For connecting the supply wires are used terminal blocks Weidmüller PDU 2,5/4. The 
terminal blocks are hold by Din rail. Those terminals are Push-in terminals and only are 
necessary use a small screwdriver for connect the wires. For connecting bridges between 
terminal blocks are used Cross-connections model Weidmüller ZQV 2,5/4  
 
 
Figure 48. Terminal Weidmüller PDU 2,5 /4 
 
Characteristics Weidmüller PDU 2,5 /4 
 
Specifications Weidmüller PDU 2,5 /4 
Width 5,1 mm 
Length 52 mm 
Height 38 mm  
Rated voltage 800 V 
Rated current 32 A 
Rated cross section 4 mm2 
 
Table 32. Specifications Weidmüller PDU 2,5 /4 
 
The terminal blocks used for the ground connections are Weidmüller PPE 2,5/4. The 
specifications are the same as normal terminal blocks but exist contact between the Din rail 
and the wire connector. 
 
At the last terminal of the strip and between the ground terminal blocks and the normal 
terminal blocks are covered with a separation plate. The model used is Weidmüller PAP 2,5/4 
and it provides a protection. 
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2.6.10.2 Junction box 
 
 The elements connected to 230 V AC are situated in a junction box for safety reasons. 
The model used is Space IP55 that is made of plastic. 
 
In the front of the box there is a door used for reset the safety circuit breaker in case it 
switches off. In the left lateral is situated the main breaker. 
 
 
 
Figure 49. Junction box built in the model 
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2.6.11 Software 
 
Different programs are used in the project development. Each program has a function 
in the design, in the following sections are explained the basic program features. 
 
2.6.11.1 RSLinx   
 
 The Rockwell Automation RSLinx is a communication server who provides plant-floor 
connectivity for a wide variety of Rockwell Software applications such as RSLogix 5000, 
RSView32, FactoryTalk View Site Edition. RSLinx can support multiple software 
applications simultaneously, communicating to a variety of devices on many different 
networks. 
 
RSWho 
 
RSWho is the network browse interface providing a single window to view all 
configured network drivers. The multi-pane window allows navigation through network in the 
left pane while displaying device icons along with their status in the right pane. A device that 
appears with a red X through it indicates a communication status error, such as loss of power 
to a device or disconnected communication cable.  
 
Selecting a device with right-click, and a menu is displayed to perform such actions as 
Configure New DDE/OPC topic, displaying diagnostic information, displaying firmware 
information or device properties.  
 
ERROR: undefined
OFFENDING COMMAND: f‘~
STACK:
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RSLinx Gateway 
 
The main function used in this project is the RSLinx Gateway. It extends RSLinx-
based communications throughout the enterprise by connecting clients over TCP/IP networks. 
Programming and configuration products such as RSLogix and RSNetWorx use a local 
RSLinx connection via RSLinx Gateway to communicate to plant floor networks and devices. 
 
 
Figure 1. Driver configuration using RSLinx 
 
 Remote HMI applications such as RSView32 can use remote OPC to communicate 
through RSLinx Gateway for data collection. This allows you to have multiple distributed 
computers performing data collection through an RSLinx Gateway to automatically optimize 
all OPC communications on the subnets connected to the processors. 
 
 
Minimum computer requirements for using the program 
 
- Operating system: Windows XP, Windows 2000, Windows NT SP3, Windows ME 
or Windows 98. 
 
- Pentium 100 MHz processor 
 
- 32 MB of RAM minimum (64 MB or more recommended) 
 
- 35 MB of available hard disk space 
 
- 16-color SVGA display with 800 x 600 or greater resolution 
 
- Windows-compatible pointing device 
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2.6.11.2 RSLogix 5000 
 
 The program used for design the controller program, modify the modules configuration 
and monitoring online the system is the Rockwell Automation RSLogix5000 Enterprise Series.  
  
Main steps for creating a project using RSLogix5000 
 
 The first step for develop a project is create and configure the PLC modules. For doing 
it is necessary to modify the I/O Configuration folder (figure 41). And add the modules 
specifying the module type, module slot number, module Name and Description, 
communication format and the module firmware revision. 
  
 
 
Figure 2. Example for create a module with RSLogix5000 
 
  
I/O configruation 
folder 
Created modules 
Module properties  
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When the modules are created is necessary to modify the module parameters. The 
configuration is different for each module. The modified parameters are explained in the 
Calculation report.   
 
 
 
Figure 3. Example of modifying analog input module configuration 
 
The most important parameters modified (figure 53) are: 
 
- Channel. The module has 8 inputs. Is possible to configure different parameters for 
each input. (example fig 53. channel 0) 
 
- Input Range. Input current range. (Example fig 53.  4 to 20 mA) 
 
- High Signal. Maximum current input (example fig 53.  20 mA) 
 
- Low Signal. Minimum current input (example fig 53.  4 mA)  
 
- High engineering. Engineering unit when the current input is maximum (example 
fig 53.  1.000) 
 
Module 
configuration 
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- Low engineering. Engineering unit when the current input is minimum (example fig 
53.  0) 
 
- Real time sample. Actualization time for new input values (example fig 53.  88 ms) 
 
- Module filter (-3 dB). Adapts the filter to the frequency. (example fig 53.  50 Hz) 
 
For create and edit the alarms is necessary to select the Alarm tab. Where is possible to 
set values of HH, H, L, LL alarms and select other options as Lach Process Alarms, Deadband 
or Rate Alarm. 
 
The next step is creating tags for the inputs and outputs. For creating and modifying the 
tags is necessary to enter to Controller Tags folder (figure 54).  
 
For create a tag is necessary to select Edit Tags tab. There we have to create the tag 
name and associate it with his function (input, output, counter, timer…) in case of inputs or 
outputs is necessary to indicate which input or output is that tag. Also we have to define the 
data type (Bool, Real, Timer, Integer…) and finally is recommended to write a short tag 
description. 
 
 
 
Figure 4. Create and edit Controller Tags 
Controller tags 
folder 
Tag properties 
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 If the Controller is in online mode and Monitor Tags tab is selected, is possible to 
visualize on the screen the tag value (Figure 54). 
 
 The next step is creating a logic program for the controller. For create it, is necessary to 
select Task folder and select the Main Program folder. There is possible to create new routines 
for designing the program structure.  
 
 The programming is by Ladder structure. All of the instructions blocks used for 
programming are situated in the top bar. When the Controller is in online mode is possible to 
visualise on the screen the tag state, it is a very useful application for solving problems.  
 
 
 
Figure 5. Create and Edit controller program 
 
  
 
 
 
Tasks folder 
Programming 
instructions Main program 
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When the modules are configured and the controller program is created the next step is 
download it to the PLC. Before downloading the program is necessary to compile it. If the 
program is without errors is possible to download it to the PLC. 
  
  
 
 
 
 
Figure 6. Download program to PLC 
 
 
If the program is correctly downloaded and the communications are enabled is possible 
to select online mode. Selecting this mode is possible to visualise and force the PLC variables 
using the RSLogix5000.  
 
 
Minimum computer requirements for use the program 
 
- Operating system:  Windows XP, Windows server 2003, Windows 2000, Windows 
Vista 
 
- Pentium II 450 MHz (minimum), Pentium III 733 MHz (Recommended) 
 
- 128 MB of RAM  minimum (256 Mb or more recommended) 
 
- 3Gb of available hard disk space 
 
- Optical drives (DVD) 
 
- 256 colour VGA graphics adapter with 800 x 600 or greater resolution 
 
 
 
 
 
Upload program 
from PLC 
Download 
program to PLC 
Select Online 
mode 
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2.6.11.3 FactoryTalk View Studio 
 
The FactoryTalk View Studio is the software used for develop the SCADA which 
control the lab pneumatic model. The SCADA created communicates thought RSLinx with the 
logic program created by RSLogix5000.   
 
 
Main steps for creating a SCADA using FactoryTalk View Studio 
 
 For create an SCADA application is necessary that the logic program created with 
RSLogix5000 runs without problems.  
 
The first step is setup the communications between the different programs. For doing it 
must be open the RSLinx Classic and select the Communication Setup folder. If the 
communications are correct, in the right side are showed the connected PLC with their 
modules. Finally is necessary to select Copy from Design to Runtime for import the tags used 
in the logic program to the factory talk program. 
 
 
 
Figure 7. FactoryTalk configuration 
Communication 
setup folder 
RSLinx and 
RSLogix5000 
Copy tags to  
FactoryTalk application 
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 When the configuration is done, the next step is creating a graphic display that will be 
the interface between human and machine. For create it is necessary to select the Display 
folder, situated into the Graphics folder, and select with the right mouse button Add new 
display. Before start the design is recommended to setup the screen size (800x600 in the lab 
model). 
 
 FactoryTalk provides different utilities for design Graphic displays (buttons, gauges, 
panels, trends…) situated in the top bar. In the Libraries folder are different elements very 
useful for the design of a graphic display. 
 
 
 
Figure 8. Create a graphic display with FactoryTalk 
 
  
 
 
 
 
Graphics 
folder 
Design 
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After create the design is necessary to “connect” the elements with the Tags. 
FactoryTalk allow modify different proprieties of each element as Visibility, Rotation, Width, 
Height, Colour, and Position… It’s possible to connect one propriety with one tag or create an 
expression who relations different tags. 
 
 
 
Figure 9. Animate an element with FactoryTalk 
 
  
 
 
 
 
 
 
 
 
 
Proprieties can be 
animated 
Expression using 
different tags 
Animated element 
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Finally is necessary to set up the buttons which forces Tags in the logic program using 
the default buttons. When the button is selected the Connection proprieties must be modified 
and related with a Tag. 
 
 
 
Figure 10. Create a Button with FactoryTalk 
 
Minimum computer requirements for use the program 
 
 
- Operating system:  Windows XP, Windows server 2003, Windows 2000, Windows 
Vista 
 
- Pentium III 950 MHz (minimum), Pentium 4,  2 GHz (Recommended) 
 
- 512 MB of RAM  minimum (1 Gb or more recommended) 
 
- 3Gb of available hard disk space 
 
- Optical drives (DVD) 
 
- 256 colour VGA graphics adapter with 800 x 600 or greater resolution 
 
 
Button 
selected 
Proprieties Tags related 
  
 
 
Lab pneumatic model 
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3. Calculation report 
 
3.1 Wire diameter 
 
The wire diameter meets the Spanish normative R.B.T (Low tension regulation), R.D 
842/2002. For the wire diameter is necessary to know the nominal current and the voltage 
drop. The maximum voltage drop admitted for R.B.T. ICT-BT-19 is 5%.  
 
For calculate the current the formula used is the following: 
 
 
I = Nominal current (A) 
P= Power (W) 
V= Voltage (V) 
Cos φ = Power factor 
 
The nominal values in the project are the following: 
 
Propriety Value 
Power (W) 123 W 
Voltage (V) 230 V 
Cos φ 1 
 
Table 1. Lab model nominal values 
 
According the values, the Nominal Current calculated is 0, 53 A 
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When the Nominal current value is calculated, the next step is calculating the wire 
diameter using the following formula: 
 
 
p = resistivity (Ω·mm²/m) copper p = 0.01724 Ω·mm²/m 
L = wire longitude (m) 
I = current (A) 
Cos φ = Power factor 
 max(V) = Maximum voltage drop admitted  
 
Propriety Value 
Copper resistivity 0.01724 Ω·mm²/m 
Wire longitude 3 m 
Cos φ 1 
 max 11.5 
 
Table 2. Values used for calculate the wire diameter 
 
The wire diameter according the parameters is 0.0047 mm². For possible future 
extensions the wire used is 1,5 mm² for AC voltage. The wire diameter used for DC voltage is 
1 mm², it meets the normative and it’s ready for possible extensions. 
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3.2 Safety elements 
 
 The safety element used in the Lab pneumatic model is a circuit breaker Allen Bradley 
1492-SP1B160-N. According the Spanish normative R.B.T (Low tension regulation) for 
calculate the circuit breaker dimension is necessary to use the following formula: 
 
 
Ib = Breaker current 
In = Nominal current 
 
 The nominal current is calculated in the 3.1 Wire diameter section. With a nominal 
current of 0,53A the circuit breaker required is 0,95A. The device Allen Bradley 1492-
SP1B160-N meets the normative specifications. 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ib = 1,8 · In 
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3.3 Pressure transmitter configuration 
 
 The pressure transmitter Endress+Hauser PMC71 is configured by the display. The 
display shows the pressure measured value, alarms and messages.  
 
 
Figure 1. Endress+Hauser PMC71 display 
  
 For calibrate and setup the pressure transmitter is necessary to change parameters. The 
parameters used in the Lab pneumatic model are the following: 
 
Parameter Value 
Damping Value 1s 
Temperature engineering unit ºC 
Output 4 … 20 mA 
Current characteristic Linear 
Output fail mode Max. alarm > 110 % 
Max. current 22 mA 
Min. current 3,8 mA 
Device revision 21 
Display Pressure 
Language English 
Data format x.xxx 
Alternate data Off 
Display contrast 8 
Table 3. Parameters Endress+Hauser PMC71 
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3.4 Temperature transmitter configuration 
 
 The temperature transmitter Endress+Hausser TMT162 supports the HART protocol 
and it is set up using this protocol. There are numbers of possible set up methods available to 
the user: 
 
- Operation using the universal handheld module HART Communicator 
DXR275/375   
 
- Operation using a PC combined with Endress+Hauser operating software, 
FieldCare or Readwin2000 
 
- Operating programs of different manufacturers (AMS, Fisher Rosemount; SIMATIC 
PDM, Siemens). 
 
Before start the configuration is necessary to connect the jumper J1 (situated under the 
display) in the ON position for unlock the setup configuration. 
 
 
 
Figure 2. Jumpers situated under the display 
 
 In the lab pneumatic model the configuration is done using a universal handheld 
module communicator DXR275. The communicator must be plugged to the 4 … 20 mA loop 
as the figure 3. 
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Figure 3. Connection handheld HART communicator DXR275 
 
 When the communicator is connected and switched on is possible to read the device 
status and information in the display. Also is possible to set up and calibrate the device using 
the handheld communicator. 
 
 
 
Figure 4. Example display menus of communicator DXR275 
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 The Endress+Hausser TMT162 setup parameters used in the lab pneumatic model are 
the following: 
 
Parameter Value 
Function mode One sensor input 
PV mode  PV = Sens1 
PV unit ºC 
Sensor type  PT100 
Sensor connection 4 wire 
Cold junction Internal 
External temperature - (Not used) 
Offset 0.00 ºC 
PV lower range value -50 ºC 
PV upper range value +200 ºC 
Analog Output 4 … 20 mA 
Current characteristic  Linear 
Filter  0 s 
Drift alert mode Off 
Fault condition (max) 21,0 mA 
Fault condition (min) 3,6 mA 
Alarm Hysteresis  0 s 
Ambient alert Off 
Corrosion detection Off 
Display  Sensor 1 value 
 
Table 4. Parameters Endress+Hausser TMT162 
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3.5 Input / Output configuration 
 
 The PLC module configuration is done with the software Allen Bradley RSLogix5000. 
For change the configuration is necessary to select the I/O Configuration folder situated on the 
left. When the device is selected is necessary to choose proprieties and select the configuration 
tab. The parameters must be downloaded to the PLC before change the PLC mode to run. 
 
 3.5.1 Digital Inputs 
 
 All the digital inputs are configured with the same parameters. 
 
Parameter Value 
Requested packed interval (RPI) 20ms 
Enable change of state OFF-ON Enabled 
Enable change of state ON-OFF Enabled 
Enable change of state open wire Enabled 
Input filter time ON-OFF 1ms 
Input filter time OFF-ON 1ms 
 
Table 5. Digital inputs parameters 
  
 3.5.2 Digital Outputs 
 
 Digital outputs are not used in the Lab pneumatic model. The parameters are not 
modified and are used the default parameters. 
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3.5.3 Analog Inputs 
  
The analog input configuration is different for each channel. In the lab pneumatic 
model are used 2 analog inputs. The following tables show the configuration for each input. 
 
Pressure input  
 
Parameter Value 
Scaling: 
High signal 
High engineering  
Low signal 
Low engineering 
 
20 mA 
1.000 
4 mA 
0.000 
Input Range  4 … 20 mA 
Sensor Offset 0.000 
Digital filter 0 ms 
Real time sample 88 ms 
Module filter (-3dB) 50 Hz 
Keep HART replies for 15 s 
Table 6. Pressure input (CH0) parameters 
 
The alarms are configured for each channel. It is done modifying the parameters of the 
alarm tab. The figure 2 shows the pressure input alarms. 
 
 
 
Figure 5. Pressure input alarms (CH0) 
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Temperature input 
 
Parameter Value 
Scaling: 
High signal 
High engineering  
Low signal 
Low engineering 
 
20 mA 
100.000 
4 mA 
0.000 
Input Range  4 … 20 mA 
Sensor Offset 0.000 
Digital filter 0 ms 
Real time sample 88 ms 
Module filter (-3dB) 50 Hz 
Keep HART replies for 15 s 
 
Table 7. Temperature inputs (CH1) parameters 
 
The figure 3 shows the temperature alarms configured.  
 
 
 
Figure 6. Temperature input alarms (CH1) 
3.5.4 Analog Outputs 
 
Digital outputs are not used in the Lab pneumatic model. The parameters are not 
modified and are used the default parameters. 
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3.6 Logic implemented 
 
3.6.1 Logic diagram 
 
 
 
 
Warning 1 
  1 
  2   3 
  5   4 
Process stop 
Process starting 
Process Running Alarm state 
 
Warning 2 
Start button 
Start button 
Alarm 1 
 
Alarm 2 
 
Alarm 3 
 
Timer 1m Timer 30s 
Reset & 
Alarm 1 
Timerstart & 
Alarms 
Reset & 
Alarms 
Reset & 
Alarm 2 
Timerstart &   
Alarms 
  0 
Figure 7. Logic diagram  
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3.6.2 Logic program implemented  
Tags
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Routine 
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5. Conclusion 
 
 
 The lab pneumatic model is an example of control a process using a PLC. The 
elements used for built the model are new and the university laboratory and installations help 
to work in good conditions.  
 
Build this model is a very useful way for study the Allen Bradley ControlLogix PLC 
architecture and study how to use field instrumentation elements. For connect the elements is 
very important to know the communications architecture and wire the elements properly for 
doing it is necessary to read the technical information provided for the manufacturers.  
 
The model simulates a “virtual process” but it can be used for a “real process” in the 
industry modifying the project. It is possible because all of the elements used are industrial 
elements and they can support hard conditions in the factories. The wire diameter and safety 
elements are calculated for possible extensions and the PLC has the modules connected for 
connecting new devices.  
 
Some ideas for new extensions are: 
 
- Connect a PanelView Plus for visualize and control the process. 
- Use the digital outputs for showing the alarms with lights. 
- Connect different PLC using the ControlNet module. 
- Control a valve for control the pressure with the analog output module. 
- Create an application for visualize and control the process via internet. 
 
 
  
